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(54) An antenna interconnection pattern

(57) The invention relates to an antenna interconnec-
tion pattern for converting radio frequency energy to di-
rect current energy. The pattern comprises an input port
for connecting to an antenna and an additional input port
for connecting to an additional antenna. Both, the input
port and the additional input port are connected to a com-
mon antenna output port via transmission line branches.
Each transmission line branch comprises an intermedi-

ate point and an transmission line end section connecting
the respective intermediate points to the common direct
current output port. Further, each transmission line end
section represents a multiplicity factor times a wave-
length of incoming radio waves that are received by the
antennas during use of the pattern, wherein the multiplic-
ity factor is approximately a natural number plus a quar-
ter, and wherein the intermediate points are further inter-
connected via a diode circuitry.
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Description

�[0001] The invention relates to an antenna intercon-
nection pattern for converting radio frequency energy to
direct current energy.
�[0002] A so- �called rectenna is known wherein such an
antenna interconnection pattern is provided with a recti-
fier, thereby reducing the need for local energy suppliers,
such as batteries.
�[0003] However, an antenna that is connected to a rec-
tifier cannot be used for communication purposes.
�[0004] It is an object of the invention to provide an an-
tenna interconnection pattern according to the preamble,
wherein the disadvantage identified above is reduced. In
particular, the invention aims at obtaining an antenna in-
terconnection pattern according to the preamble wherein
an antenna that is connected to the antenna intercon-
nection pattern according to the invention can be used
for both providing direct current energy and wireless com-
municating. Thereto, according to the invention, the an-
tenna interconnection pattern comprises an input port for
connecting to an antenna and further comprises an ad-
ditional input port for connecting to an additional antenna,
the input port and the additional input port each being
connected to a common direct current output port via
transmission line branches, each transmission line
branch comprising an intermediate point and an trans-
mission line end section connecting the respective inter-
mediate points to the common antenna output port, each
transmission line end section representing a multiplicity
factor times a wavelength of incoming radio waves that
are received by the antennas during use of the pattern,
wherein the multiplicity factor is approximately a natural
number plus a quarter, and wherein the intermediate
points are further interconnected via a diode circuitry.
�[0005] It is noted that the transmission line structure
interconnecting the input port, the additional input port
and the direct current output port is known as a Wilkinson
power divider circuitry for providing n ports with a a volt-
age of equal phase and equal amplitude. The Wilkinson
power divider circuitry is disclosed in more detail in "An
N-�Way Hybrid Power Divider" by E.J. Wilkinson in IEE
Transactions on microwave theory and techniques,
2006, page 116 sqq.
�[0006] In the pattern according to the invention, a
Wilkinson power divider circuitry is applied wherein an
internal load resistor interconnecting the intermediate
points of the transmission line end sections is replaced
by the diode circuitry.
�[0007] By applying the Wilkinson power divider circuit-
ry with an diode circuitry between the intermediate points
an antenna interconnection pattern is obtained providing
both direct current power retrieval and wireless commu-
nication features. The invention is partly based on the
insight that by retrieving direct current energy via a proper
intermediate network, communication functions of the
antenna can remain intact.
�[0008] Due to properties of the Wilkinson power divider

circuitry, retrieval of direct current energy can be per-
formed especially for radio waves having frequencies for
which the antennas are not properly terminated. Howev-
er, also in the case that radio waves are intercepted in a
frequency band for which the antennas have been de-
signed, at least some direct current energy can be re-
trieved as according to network theory a three-�port can
merely be matched resistively.
�[0009] The antenna interconnection pattern according
to the invention can advantageously be used for mobile
communication devices, especially in low power wireless
communication applications with reduced power sourc-
es, or in applications wherein the use of local power
sources is even undesired or impossible. Examples of
low power wireless communication applications are de-
vices for local area networks.
�[0010] In a preferred embodiment, the transmission
line branches are implemented using micro strip technol-
ogy, so that a simple, cheap and compact implementation
of the transmission lines is obtained. A planar technology
might be applied, however circular transmission line tech-
nology is of course also applicable, such as coax cable
elements.
�[0011] Other advantageous embodiments according
to the invention are described in the following claims.
�[0012] By way of example only, embodiments of the
present invention will now be described with reference
to the accompanying figures in which

Fig. 1 shows a circuitry of a first embodiment of an
antenna interconnection pattern according to the in-
vention, and
Fig. 2 shows a circuitry of a second embodiment of
an antenna interconnection pattern according to the
invention.

�[0013] The figures are merely circuitries of preferred
embodiments according to the invention. In the figures,
the same reference numbers refer to equal or corre-
sponding parts.
�[0014] Figure 1 shows a circuitry 1 of a first embodi-
ment of an antenna interconnection pattern according to
the invention.
�[0015] The circuitry 1 comprises two transmission line
branches, each comprising a first section 2, 3 and an end
section 4, 5. Each first section 2, 3 and end section 4, 5
is interconnected at an interconnection point 6, 7. Fur-
ther, the first sections 2, 3 are connection to an input port
8 and an additional input port 9, respectively, that are
electrically connected to an antenna and an additional
antenna. Both antennas are implemented as micro strip
patch antennas 10, 11. The end sections 4, 5 of the
branches end in a common direct current output port 12
for retrieval of a communication signal.
�[0016] According to the invention, each transmission
line end section represents a multiplicity factor times a
wavelength of incoming radio waves that are received
by the antennas during use of the pattern. The multiplicity
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factor is approximately a natural number plus a quarter
to guarantee Wilkinson power divider circuitry properties,
viz. cancellation of reflected waves.
�[0017] The transmission line branches are realized us-
ing micro strip technology. In doing so, a ground plate of
a printed circuit board serves as the earth, while on the
opposite side of the board an electrically conducting pat-
tern is printed. The printed circuit board has dielectric
properties to electromagnetically couple the printed pat-
tern and the ground plate. In particular, the transmission
line branches 2, 3, 4, 5 are formed as printed tracks, while
the antenna patches are realized as rectangular plane
sections that are designated for optimal receipt and trans-
mission of e.g. 2.45 GHz. It is noted, however, that also
other techniques could be used, such as etching tech-
niques for forming the structures on the printed circuit
board.
�[0018] The intermediate points 6, 7 of the transmission
line branches form output ports of the antennas for re-
trieval of direct current energy. The energy can be fed to
local energy buffers, such as a capacitor or a recharge-
able battery.
�[0019] Further, the interconnection points 6, 7 are con-
nected to each other via a diode structure, implemented
as a single diode component 13. In Figure 2, a circuitry
of a second embodiment according to the invention is
shown, wherein the diode structure is implemented as
two anti-�parallel placed diode 14, 15 components for im-
proved gain of the direct current energy.
�[0020] The single or two anti-�parallel placed diodes 13,
14, 15 might be connected to the intermediate points 6,
7 using several techniques, such as soldering, gluing or
otherwise to obtain an electrical conducting connection.
�[0021] Further, a more complex diode structure can be
employed to further enhance a direct current energy re-
trieval from the received radio waves.
�[0022] The invention is not restricted to the embodi-
ments described herein. It will be understood that many
variants are possible.
�[0023] As an example, geometries of the antenna
patches can also be designed for performing wireless
communication using radio waves having other frequen-
cies, e.g. more or less than 2.45 GHz.
�[0024] In addition, multiple antenna interconnecting
pattern connected to pairs of antennas can be used for
improving a direct current energy retrieval gain.
�[0025] Other such variants will be obvious for the per-
son skilled in the art and are considered to lie within the
scope of the invention as formulated in the following
claims.

Claims

1. An antenna interconnection pattern for converting
radio frequency energy to direct current energy,
comprising an input port for connecting to an anten-
na, an additional input port for connecting to an ad-

ditional antenna, the input port and the additional
input port each being connected to a common an-
tenna output port via transmission line branches,
each transmission line branch comprising an inter-
mediate point and an transmission line end section
connecting the respective intermediate points to the
common direct current output port, each transmis-
sion line end section representing a multiplicity factor
times a wavelength of incoming radio waves that are
received by the antennas during use of the pattern,
wherein the multiplicity factor is approximately a nat-
ural number plus a quarter, and wherein the inter-
mediate points are further interconnected via a diode
circuitry.

2. An antenna interconnection pattern according to
claim 1, wherein the diode circuitry comprises a sin-
gle diode component.

3. An antenna interconnection pattern according to
claim 1, wherein the diode circuitry comprises two
anti-�parallel placed diode components.

4. An antenna interconnection pattern according to any
of the previous claims, wherein the transmission line
branches are implemented using micro strip tech-
nology.

5. An antenna interconnection pattern according to any
of the previous claims, further comprising a pair of
micro strip patch antennas, each connected to an
input port of the pattern.
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